The E/A ratio (of peak mitral blood flow velocity during early diastole to that during atrial contraction) has limitations in the assessment of diastolic function. Previous studies have suggested that peak blood flow velocity is normally maintained or increased towards the cardiac apex but that it decreases in diastolic dysfunction. We evaluated the proposal that intraventricular dispersion of E wave velocity is an effective means of assessing diastolic function in hypertensives. 
Introduction
Diastolic dysfunction is an early manifestation of hypertensive heart disease. 1, 2 The simplest measure of diastolic function is the ratio of peak mitral flow velocity during early diastole (E) to that during atrial contraction (A). [3] [4] [5] Impaired left ventricular (LV) compliance and relaxation results in a reduction in peak early diastolic flow velocity with a relative increase in the contribution of atrial contraction to LV filling and a decrease in the E/A ratio. However the E/A ratio has limitations. It is not measurable in atrial fibrillation and it is affected by physiological variables such as age and heart rate. 6, 7 Moreover, with progressively severe diastolic dysfunction, the E/A ratio may return to normal (pseudonormalisation). 8 Animal studies have shown that there is a baseto-apex intraventricular positive pressure gradient in early diastole in normal hearts, resulting in the maintenance or increase in peak flow velocity along Although there is some intraventricular dispersion of E wave velocity in this group of hypertensive patients, the ratio of E 3 /E 0 correlates poorly with parameters which are known to influence diastolic function. In spite of its limitations, the E/A ratio appears to be a more reliable measure of diastolic function in hypertensive heart disease than intraventricular dispersion of early diastolic filling.
the axis of the LV. 9 This pressure gradient is lost in diastolic dysfunction, resulting in a decrease in peak velocity and intraventricular dispersion of E wave velocity 10 ( Figure 1 ). In a small study in humans, the peak E wave velocity was maintained in normal hearts, while it decreased towards the cardiac apex in those with diastolic dysfunction due to hypertension or dilated cardiomyopathy.
11 Thus intraventricular dispersion of peak E wave velocity (E wave dispersion) has been proposed as an alternative method of assessing diastolic dysfunction.
11
This study aimed to assess intraventricular dispersion of E wave velocity and the relationship with known determinants of diastolic function in hypertension.
Subjects and methods
Fifty-five untreated hypertensive patients attending a cardiovascular risk factor clinic were studied.
Each underwent two-dimensional and Doppler echocardiography using a phased-array sector scanner (General Electric Pass II, 3.3 MHz transducer). Interventricular septal wall thickness, posterior wall thickness and left ventricular internal diameter were Pulsed-wave Doppler recordings were made from the apical four-chamber view with the sample volume located between the tips of the mitral valve leaflets and 3 cm distally in a line between the mitral valve and the cardiac apex (Figure 1) . Maximum peak mitral flow velocity was obtained by adjustment of the position of the sample volume to maximise the signal by means of both an audible signal and spectral velocity display and were recorded with subjects' breath held in passive expiration. Peak flow velocity was measured from three consecutive cardiac cycles during early diastole at the level of the mitral valve (E 0 ) and 3 cm distal to the mitral valve annulus (E 3 ), and during atrial contraction at the level of the mitral valve (A). Intraventricular dispersion of E wave velocity was expressed as E 3 /E 0 .
Supine blood pressure (BP) was measured immediately following echocardiography using a Sentron automated recording device.
Comparisons between groups were made using Student's t-tests and associations between variables sought using linear regression.
Results
Characteristics of the study subjects and echocardiographic data are summarised in Table 1 . There was a wide range of E wave dispersion, however peak flow velocity slowed towards the apex in most subjects (E 3 /E 0 0.81 ± 0.29, range 0.42-1.86).
Sixteen of the 55 subjects had LVH. Compared with those without LVH, subjects with LVH had greater systolic and diastolic BP, but there were no Data shown as number, percentage or mean ± standard deviation. E 0 = peak mitral flow velocity during early diastole at the level of the mitral valve, A = peak mitral flow velocity during atrial contraction at the level of the mitral valve, E 3 = peak mitral flow velocity during early diastole at a point 3 cm distal to the mitral valve towards the apex.
significant differences in age or reported duration of hypertension (data not shown). Mean E/A ratio was reduced in those with LVH but this failed to achieve significance (1.02 ± 0.29 vs 1.13 ± 0.36, P = 0.22). Similarly, mean E 3 /E 0 did not differ significantly between those with and without LVH (0.75 ± 0.26 vs 0.83 ± 0.30, P = 0.37).
Using linear regression analysis, LVMI correlated significantly with both systolic (r = 0.51, P Ͻ 0.0001) and diastolic BP (r = 0.46, P = 0.0003). There was no significant correlation between E 3 /E 0 and age (r = −0.02, P = 0.89), LVMI (r = −0.11, P = 0.40), systolic BP (r = 0.17, P = 0.20) or diastolic BP (r = 0.21, P = 0.12). In contrast the E/A ratio correlated strongly with age (r = −0.66, P Ͻ 0.0001). There were weak, non-significant negative correlations between E/A and systolic BP (r = −0.24, P = 0.07), diastolic BP (r = −0.23, P = 0.09) and LVMI (r = −0.23, P = 0.08).
Discussion
In this small study we found significant correlations between LVMI and BP as have been demonstrated in previous studies. 13 There was a strong negative correlation between the E/A ratio and age and weak negative correlations between E/A and BP and LVMI. As previously seen 11 there was some intraventricular dispersion of peak E wave velocity in this group of hypertensives. However, in contrast to E/A, E 3 /E 0 did not correlate with age, LVMI or BP, which are all known determinants of diastolic function. This suggests that, at least in comparison with the E/A ratio, it is a poor measure of diastolic function.
The group of subjects in this study are not representative in that they were all hypertensive and as such may be expected to have abnormal diastolic function. It is possible that correlations between E 3 /E 0 and known determinants of diastolic function would be stronger in those with normal or only mildly abnormal diastolic function. Further studies across a wider range of age and diastolic function would help to elucidate this. Comparison in athletes would also be interesting as they frequently have physiological LVH with normal diastolic function. 14 From our results, we conclude that E 3 /E 0 is not a good measure of diastolic function in hypertensive subjects. Further investigation will determine whether E 3 /E 0 may have a role in the assessment of those in atrial fibrillation or those with pseudonormal diastolic function.
